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PATTERN RECOGNITION BASED ON
INFORMATION INTEGRATION

FOREIGN PRIORITY

This application claims priority to Chinese Patent Appli-
cation No. 201410071994.6, filed Feb. 28, 2014, and all the
benefits accruing therefrom under 35 U.S.C. §119, the con-
tents of which in its entirety are herein incorporated by ref-
erence.

BACKGROUND

Embodiments of the present invention generally relate to
pattern recognition, and more specifically, relate to a method
and system for information integration-based pattern recog-
nition.

Pattern recognition refers to automatic or semi-automatic
processing and determination of patterns such as diagrams,
voice, or characters using computer technology. Pattern rec-
ognition has been widely applied in various fields, including
recognition of geometric diagrams. One type of geometric
graph is a two-dimensional (2D) graph-based diagram. In the
context of the present application, the term “diagram” is a set
of primitives and mutual relationships between respective
primitives. The primitives may be various 2D diagrams that
have a corresponding shape, for example, rectangle, oval,
round, triangle, parallelogram, etc. The primitives may have
associated texts or may not have texts. The relationship
between primitives is generally expressed by line. The line
may include a straight line, an arc line, and various kinds of
curves. Further, the line may be unidirectional, or directional
(including one-way or two-way), which may be represented
by an arrow, as an example. Examples of diagrams include,
but are not limited to, a flow chart, a block diagram, a tree
diagram, a net diagram, etc.

Diagrams have been widely applied in various fields. For
example, in many enterprises, research institutions, colleges
and various other organizations, large amounts of informa-
tion are presented through diagrams. For example, a presenter
may express a theme(s) with diagrams when making various
presentations. For another example, a considerable number of
diagrams exist in various books, newspapers, articles and
organizations. It is desirable to digitize the diagrams on a
non-electronic medium using a pattern recognition technol-
ogy so as to convert it into a digital format. A known manner
is converting a diagram into an image by an image acquisition
apparatus such as a camera, and then recognizing the primi-
tives and their connection relationships in the diagram.

However, at least due to the following reasons, the conven-
tional method purely based on image processing is error
prone. First, many diagrams are hand-drawn by users, such
that the primitives and/or connection in the diagrams are of
certain irregularity. Second, in some circumstances, users can
only use an image acquisition apparatus on a portable device
such as a mobile phone, a tablet computer, a personal digital
assistant (PDA) and the like to capture an image of a diagram
in a short time. Due to the limitation of factors such as image
shooting conditions, resolution and the like, the image quality
might not be high, which is adverse to recognition accuracy.
Additionally, in a diagram, many primitives have a higher
similarity. For example, an ellipse is similar to a circle, and a
rectangle is similar to a square, and so on. This brings chal-
lenge to pattern recognition as well.

SUMMARY

According to one aspect of the present invention, there is
provided a method for recognizing a primitive in an image.
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The method includes: recognizing at least one primitive in the
image to obtain at least one candidate shape of the at least one
primitive, which at least one candidate shape has a respective
confidence; determining whether the recognizing of the at
least one primitive has a potential error based on the confi-
dence; obtaining auxiliary information about the at least one
primitive from a user in response to determining that the
recognizing has the potential error; and re-recognizing the at
least one primitive at least in part based on the auxiliary
information.

According to another aspect of the present invention, there
is provided a system for recognizing a primitive in an image.
The system includes: a recognizing unit configured to recog-
nize at least one primitive in the image to obtain at least one
candidate shape of the at least one primitive, which at least
one candidate shape has a respective confidence; a potential
error detecting unit configured to determine whether the rec-
ognizing of the at least one primitive has a potential error
based on the confidence; an auxiliary information obtaining
unit configured to obtain auxiliary information about the at
least one primitive from a user in response to determining that
the recognizing has the potential error; and a re-recognizing
unit configured to re-recognize the at least one primitive at
least in part based on the auxiliary information.

It would be understood through the following depiction
that, different from the prior art, according to embodiments of
the present invention, the shape of the primitive is recognized
not only based on image features. On the contrary, according
to embodiments of the present invention, all primitive candi-
date shapes recognized based on image features have a
respective confidence. If it is determined that the confidence-
based recognition might have a potential accuracy issue, addi-
tional auxiliary information might be obtained from the user.
By integrating the auxiliary information and image informa-
tion during the recognition stage and/or in the decision result,
the recognition accuracy can be effectively enhanced.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objectives, features and advantages of
the present invention will become more apparent through
more detailed depiction of the exemplary embodiments of the
present invention with reference to the accompanying draw-
ings.

FIG. 1 shows a schematic block diagram of an exemplary
computer system/server which is applicable to implement
embodiments of the present invention;

FIG. 2 illustrates a flow chart of a method for recognizing
a primitive in an image according to an embodiment of the
present invention;

FIGS. 3A and 3B show a schematic diagram of a to-be-
processed image according to embodiments of the present
invention; and

FIG. 4 illustrates a block diagram of a system for recog-
nizing a primitive in an image according to an embodiment of
the present invention.

Same or like reference numerals are used to represent same
or corresponding elements throughout the drawings.

DETAILED DESCRIPTION

Some preferable embodiments will be described in more
detail with reference to the accompanying drawings, in which
the preferable embodiments of the present disclosure have
been illustrated. However, the present disclosure can be
implemented in various manners, and thus should not be
construed to be limited to the embodiments disclosed herein.
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On the contrary, those embodiments are provided for the
thorough and complete understanding of the present disclo-
sure, and completely conveying the scope of the present dis-
closure to those skilled in the art.

FIG. 1 shows a block diagram of an exemplary computer
system/server 12 which is applicable to implement embodi-
ments of the present invention. The computer system/server
12 as shown in FIG. 1 is only an example, which should not
construct any limitation to the functions and application
scope of embodiments of the present invention.

As shown in FIG. 1, the computer system/server 12 is
embodied in the form of a general computing device. Com-
ponents of the computer system/server 12 may comprise, but
not limited to, one or more processors or processing units 16,
a system memory 28, and a bus 18 connecting different sys-
tem components (including the system memory 28 and the
processing unit 16).

The system bus 18 indicates one or more of a plurality of
bus structures, including a memory bus or a memory control-
ler, a peripheral bus, a graphic acceleration port, a processor,
or a local bus using any bus structure in the plurality of bus
structures. For example, the above hierarchical structures
include, but not limited to, an industrial standard architecture
(ISA) bus, a MicroChannel Architecture (MAC) bus, an
enhanced-ISA bus, a video electronic standard association
(VESA) local bus, and a peripheral component interconnec-
tion (PCI) bus.

The computer system/server 12 may include various kinds
of computer system-readable mediums. These mediums may
be any available mediums accessible by the computer system/
server 12, comprising volatile and non-volatile mediums,
mobile and non-mobile mediums.

The system memory 28 may comprise a computer system
readable medium in a form of volatile memory, for example,
a random access memory (RAM) 30 and/or a cache memory
32. The computer system/server 12 may further comprise
other mobile/non-mobile, volatile/non-volatile computer
system storage mediums. As an example, the memory system
34 may be used to read/write a non-mobile, non-volatile
magnetic medium (not shown in FIG. 1, generally called “a
hard disk driver”). Although not shown in FIG. 1, a magnetic
disk driver for reading/writing a mobile, non-volatile mag-
netic disk (for example, a “floppy disk™) and an optical disk
driver for reading/writing a mobile, non-volatile optical disk
(for example, CD-ROM, DVD-ROM, or other optical
medium) may be provided. In these cases, each driver may be
connected to the bus 18 via one or more data medium inter-
faces. The memory 28 may comprise at least one program
product that has a set (for example, at least one) program
modules, and these program modules may be configured to
perform the functions of various embodiments of the present
invention.

A program/utility tool 40 comprising a set (at least one) of
a program module 42 may be stored in for example the
memory 28; such program module 42 comprises, but not
limited to, an operating system, one or more applications,
other program modules, and program data, and each of these
examples or a certain combination thereof might comprise
implementation of a network environment. The program
module 42 generally executes the functions and/or methods in
the embodiments as described according to the present inven-
tion.

The computer system/server 12 may also communicate
with one or more peripheral devices 14 (for example, a key-
pad, a pointing device, a display 24, etc.), and may also
communicate with one or more device that enable the user to
interact with the computer system/server 12, and/or commu-
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nicate with any device (for example, network card, modem,
etc.) that enables the computer systen/server 12 to commu-
nicate with one or more other computing devices. Such com-
munication may be performed via an input/output (I/O) inter-
face 22. Moreover, the computer system/server 12 may also
communicate with one or more networks (for example, a
local area network (LAN), a wide area network (WAN), and/
or a public network, for example, Internet). As shown in the
figure, a network adaptor 20 communicates with other mod-
ules of the computer systen/server 12 via the bus 18. It should
be appreciated that although not shown in the figure, other
hardware and/or software modules may be used in combina-
tion with the computer system/server 12, including, but not
limited to, micro-code, device driver, redundancy processing
unit, external disk driving array, RAID system, magnetic tape
driver, and a data backup storage system, etc.

FIG. 2 illustrates a flow chart of a method 200 for recog-
nizing a primitive in an image according to an embodiment of
the present invention.

In block S201, at least one primitive in the image is recog-
nized. According to embodiments of the present invention,
the image to be processed may be obtained from a tangible
media by a user using an image acquisition apparatus. For
example, the user may use a camera, a video camera, or an
image acquisition apparatus on a portable device such as a
mobile phone, a tablet computer, a PDA, to acquire an image
or one or more parts of the image. Alternatively or addition-
ally, the image or a part thereof may be directly inputted in a
digitalized fashion.

According to embodiments of the present invention, the
image or a part thereofincludes a diagram composed of one or
more primitives. As mentioned above, a diagram may, for
example, include a flowchart, a block diagram, a tree dia-
gram, a network diagram, etc. Each primitive has a corre-
sponding shape, for example, rectangle, triangle, round, etc.
The primitives may have associated texts or may not have
texts. The relationship between primitives is expressed by
line. According to embodiments of the present invention, the
line may also be treated as a special primitive to be processed.

According to embodiments of the present invention, in
order to recognize the primitives in an image, at block S201,
processing of the image at least includes applying a recogni-
tion process to the image. Examples of recognition process
may include, but not limited to, a decision theory methodol-
ogy, a syntax methodology, a statistic model methodology,
etc. For example, in some embodiments, image may be pro-
cessed using various approaches based on statistical models,
such as a support virtual machine (SVM), a principal com-
ponent analysis (PCA), a neural network, and the like, so as to
recognize the shape of one or more primitives in the image.
For those algorithms that need training, the train process may
be completed in advance with in an offline fashion (i.e.,
before the recognition). Alternatively or additionally, a real-
time online training (i.e., during the recognition process) is
also possible. It is to be understood that any currently known
or future developed image analysis and/or recognition
method may be used in conjunction with embodiments of the
present invention. The scope of the present invention is not
limited thereto.

It should be noted that according to embodiments of the
present invention, at block S201, various appropriate pre-
processing and/or post-processing may be performed to the
image. For example, before applying the recognition process,
the image may be subject to pre-processing to enhance the
resolution of the image, sharpen the image, and reduce the
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noise in the image, and the like. Such pre-processing and/or
post-processing is known to those skilled in the art, which will
not be detailed here.

According to embodiments of the present invention, the
recognized primitive has at least one candidate shape. Each
candidate shape has a respective confidence. The confidence
may be a numerical value or a literal depiction (e.g., “high,”
“medium,” “low,” etc.). The confidence indicates the prob-
ability of a primitive to have a corresponding candidate shape.
In other words, where the confidence is higher, the probability
of the primitive to have a candidate shape associated with the
confidence will be higher. According to embodiments of the
present invention, the confidence may be provided by the
recognition process. For example, during various recognition
processes based on statistical models, for each possible rec-
ognition result (i.e., candidate shape), the recognition process
will provide an associated accuracy level. This accuracy level
may used as the confidence for a candidate shape. Other
manners of determining a confidence are also possible, and
the scope of the present invention is not limited hereto.

Next, the method 200 proceeds to block S202 to determine
whether the recognizing of the at least one primitive has a
potential error based on the confidence of the candidate shape
obtained at block S201.

In some embodiments, for a primitive, if the confidences of
all of its candidate shapes are lower than a threshold (called
“first threshold),” it may be determined that the recognition of
the primitive might not be accurate, i.e., having a potential
error. The first threshold may be any other appropriate value
or may be pre-determined or may be dynamically updated
during the use.

Alternatively or additionally, in an embodiment where a
primitive might have more than one candidate shape, confi-
dences of different candidate shapes may be compared. Spe-
cifically, in some embodiments, if the confidences of at least
two candidate shapes among the candidate shapes are higher
than the first threshold, while the difference between the
confidences of the at least two candidate shapes is lower than
another threshold (called “second threshold”), then it may be
determined that there is a potential recognition error. For
example, suppose a primitive has two candidate shapes: circle
and rectangle, and suppose the first threshold is 70%, and the
second threshold is 10%. If the confidence of the circle is
79%, while the confidence of the rectangle is 83%, it may be
deemed that there is potential recognition error. The reason is
that the confidences of both candidate shapes exceed the first
threshold, but the difference between the two is lower than the
second threshold. In this case, whether the round or the rect-
angle is selected as the shape of the primitive, there would be
a higher risk of recognition error.

Still with reference to FIG. 2, if it is determined at block
S202 that there is no potential recognition error (the branch
“No”), according to embodiments of the present invention,
one of the candidate shapes may be selected as the shape for
the primitive. For example, in some embodiments, the candi-
date shape with the highest confidence is determined as the
shape for the primitive. Alternatively, all candidate shapes
whose confidences are higher than the threshold may be pre-
sented to the user for selection.

On the contrary, if it is determined at block S202 that there
might be a potential recognition error (branch “Yes”), the
method proceeds to block S204 of obtaining, from the user,
auxiliary information about the recognized primitive.

In some embodiments, at block S204, it may be prompted
to the user to re-input the image or the part of the image
including a to-be-recognized primitive, so as to re-capture the
image or the part thereof. It should be noted that the term
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“re-capture” means using any appropriate image acquisition
apparatus to capture again the digitalized image or a digi-
talized part of the image including the to-be-processed primi-
tive. Alternatively, relevant parameters such as the image
resolution and the like which is needed for recognition may be
indicated to the user. When the quality of the initially inputted
image is too low so as to significantly affect the recognition
accuracy, it might be beneficial.

Alternatively or additionally, at block S204, all candidate
shapes of the recognized primitive may be displayed to the
user. For example, in some embodiments, the candidate
shapes may be presented to the user in a list. Each candidate
shape may be represented for example by text and/or dia-
gram. Specifically, in some embodiments, a recognition con-
fidence associated with each candidate shape may be dis-
played to the user for reference. In this way, the user may
select a candidate shape as the shape for the primitive through
a user interface (UI). In such an embodiment, the user’s
selection of the candidate shape will be used as auxiliary
information.

Alternatively or additionally, in some embodiments, at
block S204, the user may be prompted to hand-draw the
currently being processed primitive. For example, in some
embodiments, an area may be displayed on a user interface
forthe user to draw the shape ofthe image therein. To this end,
in some embodiments, the user may draw the primitive
through a mouse, a trackball, and the like. Alternatively, when
the user uses a terminal device having a touch-sensitive sur-
face, he/she may also use a finger to draw the primitive on the
touch-sensitive surface. As another example, the user may
also directly draw the primitive in a space without contacting
the capturing device. At this point, any appropriate technol-
ogy such as computer vision, proximity sensor to capture
gesture information of the user.

According to embodiments of the present invention, in
response to the user drawing a primitive, gesture information
for the user in drawing the primitive may be obtained as
auxiliary information. As an example, the gesture informa-
tion may comprise trajectory information of drawing the
primitive by the user. For example, in some embodiments, the
trajectory information may comprise the trajectory range. As
already known, the trajectory range, for example, may be
expressed by a bounding box of the trajectory. Alternatively
or alternatively, the trajectory information may also comprise
directions of the user at one or more positions on the trajec-
tory.

Specifically, in some embodiments, the trajectory informa-
tion may comprise pressure and/or velocity on at least one
position on the primitive trajectory. As an example, as men-
tioned above, the user may draw a primitive by virtue of a
touch-sensitive surface of the terminal device in some
embodiments. As known, one or more pressure sensors may
be used in conjunction with the touch-sensitive surface so as
to sense and record the pressures on one or more points on the
touch-sensitive surface. In such an embodiment, when the
user draws a primitive on the touch-sensitive surface with a
finger, the pressure at one or more positions on the trajectory
may be obtained. As will be depicted in detail hereinafter, by
obtaining the pressure and/or velocity at one or more posi-
tions on the primitive trajectory, the recognition accuracy of a
primitive shape may be efficiently enhanced.

Then, the method 200 proceeds to block S205. At block
S205, the primitive in the image may be re-recognized at least
in part based on the auxiliary information obtained at block
S204.

In some embodiments, as indicated above, the auxiliary
information may comprise the re-captured image or a part
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thereof as captured using the image capturing device. Accord-
ingly, in such an embodiment, a recognition process may be
applied to the re-captured image. In some other embodi-
ments, the auxiliary information may be selection of a can-
didate shape by the user. At this point, the shape of the primi-
tive may be determined directly based on the user’s selection.

Moreover, in some embodiments, the auxiliary informa-
tion and the recognition process for processing the image may
be integrated at the feature level or during the recognition
process, so as to re-process the image in association with the
auxiliary information. For example, in some embodiments,
the auxiliary information may be used as a parameter during
the recognition process. As already known, during the tradi-
tional recognition process only dependent on image process-
ing, image features such as pixel grayscale, holographic
information, curvature, and the like may be used as param-
eters to train a model and recognize a feature. In contrast,
according to embodiments of the present invention, the aux-
iliary information may be used as additional parameters to
train a model and recognize a feature. As indicated above, the
auxiliary information, for example, may comprise gesture
information obtained during the process in which the user
draws a primitive, such as the range, direction, velocity, pres-
sure, and the like of the trajectory. Accordingly, such infor-
mation may be considered during the establishment and use
of the model.

Several specific embodiments are considered only for the
purpose of illustration. In an embodiment where the auxiliary
information includes a trajectory range of a hand-drawn
primitive, the area of applying the recognition process may be
restricted based on the range. In this way, interference from
unrelated information may be effectively excluded, thereby
enhancing the accuracy of recognition. For another example,
the velocity features of various shapes drawn by the user may
be modeled into a recognition model. It has been found that
the user has a greater velocity when drawing a straight line,
while has a smaller velocity when drawing a curve line. This
feature may be modeled through model training. In this way,
if it is hard to determine whether a line is a straight line or a
curve line purely based on the image feature, the velocity
information when the user draws the line may be referred to
for the determination. For another example, it has been found
that the user generally has a smaller velocity when drawing a
turning point (e.g., the apex of a triangle or a polygon) of the
shape, while has a greater velocity when drawing a line. By
modeling and using such a feature, it will be helpful to deter-
mine the turning point of a primitive shape when applying the
recognition process.

As another example, as indicated above, in some embodi-
ments, the auxiliary information may comprise pressure at
one or more positions on a primitive trajectory. In this way,
the relationship between the pressure and shape may be mod-
eled. For example, it has been found that the pressure is
greater at the start, end, and turning point of a line, while
smaller at other positions. By modeling such a feature, during
applying the recognition process, such feature as pressure
information may be used to facilitate recognition of a start,
end, and/or turning point.

In the exemplary embodiment depicted above, the auxil-
iary information and image feature are dynamically inte-
grated at the feature level. Alternatively, in other embodi-
ments, the auxiliary information and image processing may
be integrated at a decision level at block S205. In this embodi-
ment, at least one additional candidate shape of the primitive
may be recognized only based on the auxiliary information
(e.g., the trajectory, trajectory range, direction, position, pres-
sure, and the like of the hand-drawn primitive). Recognition
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of the shape of the primitive based on auxiliary information
such as user gesture substantively belongs to an issue of
online model recognition, which is already known in the art
and will not be detailed here. In this way, two groups of
candidate shapes may be obtained, namely, the at least one
candidate shape obtained using offline recognition based on
the image processing technology at block S201, and at least
one additional candidate shape obtained using online recog-
nition based on auxiliary information at block S205. In this
way, the shape of the primitive may be determined based on
the two groups of candidate shapes.

For example, in some embodiments, the additional candi-
date shape recognized based on gesture information may also
have a respective confidence. Similar to block S201, the con-
fidence may be provided by the recognition process. In this
embodiment, candidate shapes whose confidences in the two
groups of candidate shapes are higher than the predetermined
threshold are first selected. Then, the selected candidate
shape having the highest confidence may be determined as the
shape for the primitive. Alternatively, for those candidate
shapes existing in the two groups, the confidences of the
candidate shapes in the two groups may be subject to various
operations, such as arithmetic averaging, weighted averag-
ing, addition, multiplication, etc. The outcomes of the opera-
tions may be used as the final confidences of the candidate
shapes. The candidate shape having the highest confidence
may be determined as the shape for the primitive. Please note
that what are described here are only several examples in
conjunction with two groups of candidate shapes. Any alter-
native or additional manner may like fall within the scope of
the present invention.

According to embodiments of the present invention, at
block S205, the shape of the primitive may be determined
automatically. Alternatively, one or more candidate shapes
derived through re-processing may also be displayed to the
user (like in block S202) for the user to select. Moreover, if the
shape of the primitive cannot be accurately determined after
re-reorganization at block S205, the method 200 may be
reiteratively applied. In other words, blocks S202 to S205
may be performed one or more times as required.

Additionally, according to embodiments of the present
invention, various subsequent operations may be performed
with respect to the recognized primitive. For example, in
some embodiments, the attributes of the primitive may be
adjusted based on user input. As an example, the attributes of
the primitive may include, but not limited to, the position,
size, color, angle, associated texts of the primitive, and the
like. The user input may be inputted by an interaction tool
such as mouse, keyboard and the like. Alternatively or addi-
tionally, the user input for controlling the attributes of the
primitive may also include voice input, gesture input, and the
like. The scope of the present invention is not limited thereto.

Moreover, according to embodiments of the present inven-
tion, the diagrams in the image may be constructed based on
the recognized primitive, e.g., a flowchart, a block diagram,
and the like. Specifically, according to embodiments of the
present invention, the processed image may only include a
part of the diagram. Therefore, various parts of the diagram
formed by the recognized primitives may be stitched to form
the final complete diagram. Any currently known or future
developed manner may be used in conjunction with embodi-
ments of the present invention, e.g., phase correlation algo-
rithms, automatic panoramic stitching, etc. Additionally,
according to embodiments of the present invention, the gen-
eralized diagram may be converted into any suitable manner
s0 as to be used in a given target machine.
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Embodiments of the present invention can significantly
enhance the accuracy and efficiency of primitive recognition,
thereby improving the digitalized processing of a diagram. As
an example, FIGS. 3A and 3B show two to-be-processed
images 301 and 302, respectively. The two diagrams in
images 301 and 302 can hardly be distinguished only based
on the image feature per se. However, by virtue of the auxil-
iary information, the recognition accuracy may be signifi-
cantly improved. For example, as indicated above, the user
may be prompted to draw the two primitives. Through obtain-
ing the primitive trajectory drawn by the user, it may be
determined that the primitive included in the image 301
includes two intersected straight lines, while image 302
includes two polylines.

With reference to FIG. 4, a block diagram of a system 400
for recognizing a primitive in an image according to an
embodiment of the present invention is shown. As shown, the
system 400 comprises: a recognizing unit 401 configured to
recognize at least one primitive in the image to obtain at least
one candidate shape of the at least one primitive, the at least
one candidate shape having a respective confidence; a poten-
tial error detecting unit 402 configured to determine whether
the recognizing of the at least one primitive has a potential
error based on the confidence; an auxiliary information
obtaining unit 403 configured to obtain auxiliary information
about the at least one primitive from a user in response to
determining that the recognizing has the potential error; and a
re-recognizing unit 404 configured to re-recognize the at least
one primitive at least in part based on the auxiliary informa-
tion.

In some embodiments, the potential error detecting unit
402 comprises at least one of the following: a first potential
detecting unit configured to, if the confidence of each candi-
date shape in the at least one candidate shape is lower than a
first predetermined threshold, determine that the recognizing
of'the at least one primitive has a potential error; and a second
potential error detecting unit configured to if the confidences
of at least two candidate shapes among the at least one can-
didate shape are higher than the first predetermined threshold,
while a difference between the confidences of the at least two
candidate shapes is lower than a second predetermined
threshold, determine that the recognizing of the at least one
primitive has a potential error.

In some embodiments, the auxiliary information obtaining
unit 403 may comprise at least one of the following: a first
obtaining unit configured to receive at least one part of the
image that is re-captured; and a second obtaining unit con-
figured to receive a selection of the at least one candidate
shape by the user. Alternatively or additionally, the auxiliary
information obtaining unit 403 may comprise a third obtain-
ing unit configured to obtain gesture information of the user
drawing the at least one primitive as the auxiliary informa-
tion, which gesture information comprises trajectory infor-
mation of the at least one primitive. For example, in some
exemplary embodiments, the trajectory information may
comprise at least one of the following: velocity on at least one
position on the trajectory, and pressure on at least one position
on the trajectory. Specifically, in some embodiments, the at
least one primitive is drawn on a touch-sensitive surface of
one terminal device, and the pressure on at least one position
on the trajectory is detected via the touch-sensitive surface.

In some embodiments, the re-recognizing unit 404 may
comprise: a re-processing unit configured to re-process the
image in association with the auxiliary information, wherein
the auxiliary information is used as a parameter for process-
ing the recognition process of the image. Alternatively or
additionally, in some embodiments, the re-recognizing unit
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404 may comprise: an ancillary recognizing unit configured
to recognize the at least one primitive using the auxiliary
information so as to obtain at least one additional candidate
shape of the at least one primitive; and an integrating unit
configured to integrate the at least one candidate shape and
the at least one additional candidate shape to determine the
shape of the at least one primitive.

In some embodiments, the system 400 may also comprise:
an attribute adjusting unit (not shown) configured to adjust an
attribute(s) of the re-recognized at least one primitive based
on user input.

For the sake of clarity, FIG. 4 does not show alternative
units or sub-units comprised in the system 400. However, it is
to be understood that all features and operations as depicted
above are suitable to the system 400 which are therefore not
detailed here. Moreover, the partitioning of the units or sub-
units in system 400 is not limiting, but exemplary, intended to
describe their major functions or operations logically. Func-
tions of one unit may be implemented by multiple units; in
turn, multiple units may also be implemented by one unit. The
scope of the present invention is not limited thereto. More-
over, the units comprised in the system 400 as depicted above
may be implemented in various manners, including software,
hardware, firmware, or any combination thereof.

The present invention may be a system, method, and/or a
computer program product. The computer program product
may include a computer readable storage medium (or media)
having computer readable program instructions thereon for
causing a processor to carry out aspects of the present inven-
tion.

The computer readable storage medium can be a tangible
device that can retain and store instructions for use by an
instruction execution device. The computer readable storage
medium may be, for example, but is not limited to, an elec-
tronic storage device, a magnetic storage device, an optical
storage device, an electromagnetic storage device, a semicon-
ductor storage device, or any suitable combination of the
foregoing. A non-exhaustive list of more specific examples of
the computer readable storage medium includes the follow-
ing: a portable computer diskette, a hard disk, a random
access memory (RAM), aread-only memory (ROM), an eras-
able programmable read-only memory (EPROM or Flash
memory), a static random access memory (SRAM), a por-
table compact disc read-only memory (CD-ROM), a digital
versatile disk (DVD), a memory stick, a floppy disk, a
mechanically encoded device such as punch-cards or raised
structures in a groove having instructions recorded thereon,
and any suitable combination of the foregoing. A computer
readable storage medium, as used herein, is not to be con-
strued as being transitory signals per se, such as radio waves
or other freely propagating electromagnetic waves, electro-
magnetic waves propagating through a waveguide or other
transmission media (e.g., light pulses passing through a fiber-
optic cable), or electrical signals transmitted through a wire.

Computer readable program instructions described herein
can be downloaded to respective computing/processing
devices from a computer readable storage medium or to an
external computer or external storage device via a network,
for example, the Internet, a local area network, a wide area
network and/or a wireless network. The network may com-
prise copper transmission cables, optical transmission fibers,
wireless transmission, routers, firewalls, switches, gateway
computers and/or edge servers. A network adapter card or
network interface in each computing/processing device
receives computer readable program instructions from the
network and forwards the computer readable program
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instructions for storage in a computer readable storage
medium within the respective computing/processing device.

Computer readable program instructions for carrying out
operations of the present invention may be assembler instruc-
tions, instruction-set-architecture (ISA) instructions,
machine instructions, machine dependent instructions,
microcode, firmware instructions, state-setting data, or either
source code or object code written in any combination of one
or more programming languages, including an object ori-
ented programming language such as Java, Smalltalk, C++ or
the like, and conventional procedural programming lan-
guages, such as the “C” programming language or similar
programming languages. The computer readable program
instructions may execute entirely on the user’s computer,
partly on the user’s computer, as a stand-alone software pack-
age, partly on the user’s computer and partly on a remote
computer or entirely on the remote computer or server. In the
latter scenario, the remote computer may be connected to the
user’s computer through any type of network, including a
local area network (LAN) or a wide area network (WAN), or
the connection may be made to an external computer (for
example, through the Internet using an Internet Service Pro-
vider). In some embodiments, electronic circuitry including,
for example, programmable logic circuitry, field-program-
mable gate arrays (FPGA), or programmable logic arrays
(PLA) may execute the computer readable program instruc-
tions by utilizing state information of the computer readable
program instructions to personalize the electronic circuitry, in
order to perform aspects of the present invention.

Aspects of the present invention are described herein with
reference to flowchart illustrations and/or block diagrams of
methods, apparatus (systems), and computer program prod-
ucts according to embodiments of the invention. It will be
understood that each block of the flowchart illustrations and/
or block diagrams, and combinations of blocks in the flow-
chart illustrations and/or block diagrams, can be imple-
mented by computer readable program instructions.

These computer readable program instructions may be pro-
vided to a processor of a general purpose computer, special
purpose computer, or other programmable data processing
apparatus to produce a machine, such that the instructions,
which execute via the processor of the computer or other
programmable data processing apparatus, create means for
implementing the functions/acts specified in the flowchart
and/or block diagram block or blocks. These computer read-
able program instructions may also be stored in a computer
readable storage medium that can direct a computer, a pro-
grammable data processing apparatus, and/or other devices to
function in a particular manner, such that the computer read-
able storage medium having instructions stored therein com-
prises an article of manufacture including instructions which
implement aspects of the function/act specified in the flow-
chart and/or block diagram block or blocks.

The computer readable program instructions may also be
loaded onto a computer, other programmable data processing
apparatus, or other device to cause a series of operations to be
performed on the computer, other programmable apparatus or
other device to produce a computer implemented process,
such that the instructions which execute on the computer,
other programmable apparatus, or other device implement the
functions/acts specified in the flowchart and/or block diagram
block or blocks.

The flowchart and block diagrams in the Figures illustrate
the architecture, functionality, and operation of possible
implementations of systems, methods and computer program
products according to various embodiments of the present
invention. In this regard, each block in the flowchart or block
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diagrams may represent a module, segment, or portion of
code, which comprises one or more executable instructions
for implementing the specified logical function(s). It should
also be noted that, in some alternative implementations, the
functions noted in the block may occur out of the order noted
in the figures. For example, two blocks shown in succession
may, in fact, be executed substantially concurrently, or the
blocks may sometimes be executed in the reverse order,
depending upon the functionality involved. It will also be
noted that each block of the block diagrams and/or flowchart
illustration, and combinations of blocks in the block diagrams
and/or flowchart illustration, can be implemented by special
purpose hardware-based systems that perform the specified
functions or acts, or combinations of special purpose hard-
ware and computer instructions.

The descriptions of the various embodiments ofthe present
invention have been presented for purposes of illustration, but
are not intended to be exhaustive or limited to the embodi-
ments disclosed. Many modifications and variations will be
apparent to those of ordinary skill in the art without departing
from the scope and spirit of the described embodiments. The
terminology used herein was chosen to best explain the prin-
ciples of the embodiments, the practical application or tech-
nical improvement over technologies found in the market-
place, or to enable others of ordinary skill in the art to
understand the embodiments disclosed herein.

The invention claimed is:

1. A system for recognizing a primitive in an image, the
system comprising:

a memory; and

aprocessor configured to communicate with and execute a

set of hardware units, the hardware units comprising:

arecognizing unit configured to recognize a primitive in
the image to obtain at least two candidate shapes of
the primitive, each ofthe atleast two candidate shapes
having respective confidences;

a potential error detecting unit configured to determine
that the recognizing of the primitive has a potential
error based on a difference between the respective
confidences of the at least two candidate shapes being
lower than a predetermined threshold;

an auxiliary information obtaining unit configured to
obtain, in response to determining that the recogniz-
ing has the potential error, displaying a user-interface
and prompting a user to hand-draw the primitive in
said user-interface as auxiliary information about the
primitive; and

a re-recognizing unit configured to re-recognize the
primitive at least in part based on the auxiliary infor-
mation.

2. The system according to claim 1, wherein the potential
error detecting unit

is further configured to determine that the recognizing of

the primitive has the potential error if the respective

confidence of each candidate shape in the at least two
candidate shapes is lower than a first predetermined
threshold.

3. The system according to claim 1, wherein the auxiliary
information obtaining unit comprises at least one of:

a first obtaining unit configured to receive at least a part of

the image that is re-captured; and

a second obtaining unit configured to receive a selection of

the at least one candidate shape by the user.

4. The system according to claim 1, wherein the auxiliary
information obtaining unit comprises:

a third obtaining unit configured to obtain gesture informa-

tion of the user drawing the primitive as the auxiliary
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information, the gesture information including trajec-
tory information of the primitive.

5. The system according to claim 4, wherein the trajectory
information includes at least one of the following: pressure on
at least one position on the trajectory, and velocity on at least
one position on the trajectory.

6. The system according to claim 5, wherein the primitive
is drawn on a touch-sensitive surface of a terminal device, and
wherein the pressure is detected via the touch-sensitive sur-
face.

7. The system according to claim 1, wherein the re-recog-
nizing unit comprises:

a re-processing unit configured to re-process the image in
association with the auxiliary information, wherein the
auxiliary information is used as a parameter of a recog-
nition process for processing the image.

8. The system according to claim 1, wherein the re-recog-

nizing unit comprises:

an ancillary recognizing unit configured to recognize the
primitive using the auxiliary information so as to obtain
at least one additional candidate shape of the primitive;
and

an integrating unit configured to integrate the candidate
shape and the at least one additional candidate shape to
determine a shape of the primitive.

9. The system according to claim 1, further comprising:

an attribute adjusting unit configured to adjust an attribute
of the re-recognized primitive based on user input.
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